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DETAILED ACTION 



Election/Restrictions 

Applicant's election without traverse of Species I in the reply filed on October 21 , 
2008 is acknowledged. 

Claims 4, 10, 14, and 18 are withdrawn from further consideration pursuant to 37 
CFR 1.142(b) as being drawn to a nonelected Species II - III, there being no allowable 
generic or linking claim. Election was made without traverse in the reply filed on 
October 21, 2008. 

Priority 

Receipt is acknowledged of papers submitted under 35 U.S.C. 1 19(a)-(d), which 
papers have been placed of record in the file. 

Information Disclosure Statement 

The information disclosure statements (IDS) submitted on April 28, 2006 and 
September 4, 2008 are being considered by the examiner. 

Drawings 

Figure 6 should be designated by a legend such as --Prior Art- because only 
that which is old is illustrated. See MPEP § 608.02(g). Corrected drawings in 
compliance with 37 CFR 1 .121(d) are required in reply to the Office action to avoid 
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abandonment of the application. The replacement sheet(s) should be labeled 
"Replacement Sheet" in the page header (as per 37 CFR 1 .84(c)) so as not to obstruct 
any portion of the drawing figures. If the changes are not accepted by the examiner, the 
applicant will be notified and informed of any required corrective action in the next Office 
action. The objection to the drawings will not be held in abeyance. 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1 , 148 
USPQ 459 (1966), that are applied for establishing a background for determining 
obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 

Claims 1 - 3, 5 - 9, 1 1 - 1 3, 1 5 - 1 7, and 1 9 - 20 are rejected under 35 

U.S.C. 1 03(a) as being unpatentable over Saitoh et al. (U.S. Pat. App. Pub. No. 

2002/01 85705 A1 ), hereinafter as Saitoh, and further in view of Saito et al. (U.S. Pat. 

App. Pub. No. 2002/0005549 A1), hereinafter as Saito. 
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Regarding claim 1 , figs. 8 and 10A and 1f169 of Saitoh discloses a production 
method for a semiconductor device which includes a super junction structural portion 
(refs. 18-19) provided on a semiconductor substrate (ref. 1 1 ) of a first conductivity (n 
type as seen in fig. 8) and including drift layers (ref. 19) of the first conductivity (n type 
as seen in fig. 8) and RESURF layers (ref. 18) of a second conductivity (p type as seen 
in fig. 8) different from the first conductivity (p type vs. n type as seen in fig. 8), the drift 
layers and the RESURF layers being laterally arranged in alternate relation in a 
direction parallel to the semiconductor substrate (as seen in fig. 8), the production 
method comprising the steps of: 

forming a semiconductor layer (ref. 1 9) of the first conductivity (n type as seen in 
fig. 8) on the semiconductor substrate (as seen in fig. 7A); 

forming a trench (ref. 24) in the semiconductor layer, the trench penetrating 
through the semiconductor layer to reach the semiconductor substrate (as seen in fig. 
7B); 

filling a filling material (ref. 22) in a predetermined bottom portion of the trench 
(as seen in fig. 7E). 

Saitoh may not disclose the following limitations whereas figs. 13 - 14G of Saito 
disclose that it is known in the art to provide: 

so that a filling material (ref. 8b) portion is provided in the bottom portion of the 
trench (ref. 32) up to a predetermined upper surface position which is shallower than an 
interface between the semiconductor substrate and the semiconductor layer fl|137 - 
140 discloses that ref. 18b are created within the drift layer, therefore, one of ordinary 
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skill in the art would be capable of providing ref. 18b at substantially the same depth as 
an interface between the isolation region and the RESURF layer, to provide charge 
trapping and improving breakdown voltage; also see IP 98 where it discloses buried 
layers in a drift layer are equivalent of RESURF layers, therefore the combination 
provides the benefits of improving breakdown voltage) and a void is provided in an 
upper portion of the trench above the predetermined upper surface position (as seen in 
fig. 14F); and 

after the filling step (in view of MPEP § 21 44.04(IV)(C), selection of any order of 
performing process steps is prima facie obvious in the absence of new or unexpected 
results), introducing an impurity of the second conductivity into a portion of the 
semiconductor layer exposed to an interior side wall of the trench (as seen in fig. 7C of 
Saitoh), whereby the RESURF layers of the second conductivity are each formed 
alongside the interior side wall of the trench and the drift layers are each defined by a 
portion of the semiconductor layer remaining intact (as seen in fig. 7E of Saitoh). 

Regarding claim 2 . Saitoh and Saito disclose a semiconductor device production 
method as set forth in claim 1 , figs. 14A- 14G of Saito discloses wherein the filling step 
includes the steps of: 

supplying the filling material (ref. 34a) into the trench (ref. 32) up to a position 
which is shallower than the predetermined upper surface position 0|137 - 140 discloses 
that ref. 18b are created within the drift layer, therefore, one of ordinary skill in the art 
would be capable of providing ref. 18b at substantially the same depth as an interface 
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between the isolation region and the RESURF layer, to provide charge trapping and 
improving breakdown voltage; also see IP 98 where it discloses buried layers in a drift 
layer are equivalent of RESURF layers, therefore the combination provides the benefits 
of improving breakdown voltage); and 

after the filling material supplying step, etching back the supplied filling material 
to the predetermined upper surface position (as seen in fig. 14D; IP 42). 

Regarding claims 3 and 13 , Saitoh and Saito disclose a semiconductor device 
production method as set forth in claims 1 and 2, Saitoh and Saito disclose wherein the 
filling step includes the step of filling silicon oxide as the filling material in the trench 
HP 67 of Saitoh discloses that it is an insulating layer, however 1J346 of Saitoh discloses 
that it is known to provide a silicon oxide as the insulation layer material; IP 39 of Saito). 

Regarding claims 5 and 15 , Saitoh and Saito disclose a semiconductor device 
production method as set forth in claims 1 and 2, IP 44 of Saito discloses further 
comprising the step of filling the void provided in the upper portion of the trench with an 
upper filling material (ref. 34c) after the RESURF layer formation step (in view of MPEP 
§ 2144.04(IV)(C), selection of any order of performing process steps is prima facie 
obvious in the absence of new or unexpected results). 
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Regarding claims 6 and 16 , Saitoh and Saito disclose a semiconductor device 
production method as set forth in claims 1 and 2, Saitoh discloses further comprising 
the steps of: 

introducing an impurity of the second conductivity (p type as seen in fig. 8) into a 
surface portion of the semiconductor layer to form a base region (ref. 1 2) of the second 
conductivity (p type as seen in fig. 8) in contact with the RESURF layer and the drift 
layer (as seen in fig. 8); 

introducing an impurity of the first conductivity (n type as seen in fig. 8) into a 
portion of the base region to form a source region (ref. 13) of the first conductivity (n 
type as seen in fig. 8) which is isolated from the drift layer and the RESURF layer by the 
other portion of the base region (as seen in fig. 8); 

forming a gate insulation film (ref. 14) opposed to a portion of the base region 
between the source region and the drift layer (as seen in fig. 8); and 

forming a gate electrode (ref. 15) opposed to the portion of the base region 
between the source region and the drift layer with the intervention of the gate insulation 
film (as seen in fig. 8). 

Regarding claims 7 and 17 , Saitoh and Saito disclose a semiconductor device 
production method as set forth in claims 1 and 2, Saitoh discloses wherein the RESURF 
layer formation step includes the steps of: 
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implanting the impurity of the second conductivity into a surface portion of the 
semiconductor layer exposed to the interior side wall of the trench 0J159 and fig. 7C); 
and 

performing a thermal diffusion process to heat the resulting semiconductor 
substrate after the implantation step for diffusing the implanted impurity into the 
semiconductor layer (1J160). 

Regarding claim 8 , figs. 8 and 10A of Saitoh discloses a semiconductor device, 
comprising: 

a semiconductor substrate (ref. 1 1 ) of a first conductivity (n type as seen in fig. 

8); 

a super junction structural portion (refs. 18-19) provided on the semiconductor 
substrate (as seen in fig. 8) and including drift layers (ref. 19) of the first conductivity (n 
type as seen in fig. 8) and RESURF layers (ref. 18) of a second conductivity (p type as 
seen in fig. 8) different from the first conductivity (p type vs. n type as seen in fig. 8), the 
drift layers and the RESURF layers being laterally arranged in alternate relation in a 
direction parallel to the semiconductor substrate (as seen in fig. 8); and 

filling material portions (ref. 22) each provided in a predetermined bottom portion 
of a trench (e.g., ref. 24 of fig. 7B; i.e., ref. 22 is provided in a trench) penetrating 
through the super junction structural portion to reach the semiconductor substrate (as 
seen in fig. 8), wherein 
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the RESURF layers are each provided alongside an interior side wall of the 
trench (as seen in fig. 8), the drift layers each have an isolation region (ref. 1 1 d) present 
between the RESURF layer and the semiconductor substrate to prevent the RESURF 
layer from contacting the semiconductor substrate (as seen in fig. 10A; 1J176 - 181 
discloses an advantage of a depletion layer hardly spreading to the isolation region). 

Saitoh may not disclose the following limitations whereas fig. 13 of Saito 
discloses that it is known in the art to provide: 

the filling material portions (ref. 8b) each have an upper surface (where ref. 8b 
meets ref. 18b) located at substantially the same depth as an interface between the 
isolation region and the RESURF layer as measured from a surface of the super 
junction structural portion 01137 - 140 discloses that ref. 18b are created within the drift 
layer, therefore, one of ordinary skill in the art would be capable of providing ref. 18b at 
substantially the same depth as an interface between the isolation region and the 
RESURF layer, to provide charge trapping and improving breakdown voltage; also see 
1J1 98 where it discloses buried layers in a drift layer are equivalent of RESURF layers, 
therefore the combination provides the benefits of improving breakdown voltage). 

Regarding claim 9 , Saitoh and Saito disclose a semiconductor device as set forth 
in claim 8, Saitoh and Saito disclose wherein the filling material portions each comprise 
a silicon oxide portion 01167 of Saitoh discloses that it is an insulating layer, however 
11346 of Saitoh discloses that it is known to provide a silicon oxide as the insulation layer 
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material; V 39 of Saito). 
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Regarding claims 11 and 19 , Saitoh and Saito disclose a semiconductor device 
as set forth in claims 8 and 9, Saito discloses further comprising upper filling material 
portions (ref. 8b as seen in fig. 13) each provided in an upper portion of the trench 
above the filling material portion (i.e., a lower ref. 8b as opposed to an upper portion of 
ref. 8b as seen in fig. 13). 

Regarding claims 12 and 20 , Saitoh and Saito disclose a semiconductor device 
as set forth in claims 8 and 9, Saitoh disclose further comprising: 

base regions (ref. 12) of the second conductivity (p type as seen in fig. 8) each 
provided in contact with the drift layer and the RESURF layer (as seen in fig. 8); 

source regions (ref. 13) of the first conductivity (n type as seen in fig. 8) each 
provided in contact with the base region and isolated from the drift layer and the 
RESURF layer by the base region (as seen in fig. 8); and 

gate electrodes (ref. 1 5) each provided in opposed relation to a portion of the 
base region between the source region and the drift layer (as seen in fig. 8) with the 
intervention of a gate insulation film (ref. 14). 

Conclusion 

The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. 
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Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Hoang-Quan T. Ho whose telephone number is 571- 
272-871 1 . The examiner can normally be reached on Monday - Friday, 9 AM - 5 PM, 
EST. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Steven Loke can be reached on 571-272-1657. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 



/Hoang-Quan T Ho/ 
Examiner, Art Unit 2818 
February 2, 2009 

/Andy Huynh/ 

Primary Examiner, Art Unit 2818 



